Globalization, high growth rates in high-tech industries, growing emerging markets and harmonization of patent institutions across countries have stimulated patenting in foreign markets. We use a simple model of international patenting, where the decision to patent in a foreign country depends on country characteristics and the quality of the patented invention. With access to a detailed database on individual patents owned by small Swedish firms and inventors, we are able to estimate some of these relationships and test their validity. Our results indicate that the propensity to apply for international patent protection increases with indicators of the quality of the invention, technological rivalry and market size in the host market.
Introduction
It is now widely accepted that the processes through which new technology is invented, commercialized and spread to many users across the global economy are important for economic growth, catch-up and development.
Patenting plays a key role for technology diffusion. On the one hand, intellectual property rights (IPRs) limit technology diffusion since imitation becomes illegal and costs for acquiring new technology increases through owners' monopoly positions. At the same time, IPRs may increase incentives for innovation and therefore flows of new technology. Furthermore, patenting requires that the applicant reveals basic information about the invention, which becomes public. The academic and (heated) political debates on the TRIPS (Trade related aspects of intellectual property rights) agreement in the World Trade Organization (WTO) reflect these tensions.
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Our framework takes the IPR institutions as given and focuses on their functioning as a conduit. A patent in a specific country protects the inventor, both from imitators producing in that country and from outside imitators selling there. To get a wider geographical protection, the inventor has to apply for patent equivalents, i.e. parallel patents for the invention in several countries. Accordingly, patent protection increases with the number of patent equivalents, i.e. with the size of the patent family. But to apply for patents in many countries is costly. Therefore, the decision to apply for patent protection in a given country reflects a tradeoff between gains and costs. With this approach, international patenting signals that the IPR owners expect their technology to have a market abroad and therefore diffusion of the patented technology to these markets.
Recent decades have seen a trend towards strengthening and harmonization of patent institutions across nations and regions. At the same time, international patenting has been increasing in importance. In 2010, more than 40 percent of all patent applications in the world's patent offices were from non-residents (WIPO 2011) . But still, most patents are patented in only one or just a few countries.
The purpose of this study is to analyze the international patenting strategy of small firms and inventors. A theoretical model derived from Eaton and Kortum (1996) is set up to analyze the patentees' choice to patent in foreign countries. The model predicts that the probability of patenting in another country is related to characteristics of the invention and indicators of the market where patent protection is applied for, like market size, growth rate and patenting costs. In the empirical analysis, we use a detailed database on patents owned by small Swedish firms and inventors. The database contains information on patent equivalents, several patent value indicators and characteristics of the firms and the inventors. This database is complemented with host country characteristics. The database is therefore appropriate for microeconometric analysis. We find that the results in the empirical estimations are in accordance with the model's predictions. Whereas most earlier studies have used aggregated patent data to infer about international patenting, in this study we make use of micro level data at the patent and at the country level. This is the main contribution of the study.
Our topic is important. First, as noted, international patenting provides one (of several) channel for international technology diffusion. By investigating determinants of international patenting, determinants of technology diffusion may also be revealed.
Second, with international heterogeneity in IPR institutions, their impacts can be evaluated.
The paper is organized as follows. Some trends in international patenting are discussed in section 2. In section 3, the database and some statistical tests are presented. In section 4, we set up a theoretical model for international patenting. Econometric methodology and hypotheses for explanatory variables are discussed in section 5. Section 6 presents our empirical results and the final section draws several conclusions. Figure 1 shows developments of the share of non-resident patent applications for all countries, and for the U.S. and Japan. For EPO, the figure graphs the U.S and Japanese share of patent applications (since the number of countries who are members of EPO has changed over time). Figure 1 indicates that non-residents slowly have increased their share of patenting in major economies (except for U.S. and Japanese patentees in the EPO). Since the number of patent families has increased, the increasing shares of non-resident patent applications clearly suggest international patenting has grown in importance. Since a domestic patent may have several patent equivalents abroad, this ratio can be higher than 1. Foreign patents outnumber domestic patents, especially for countries with limited domestic markets. The graph indicates that foreign patenting has become more attractive for patent owners in most countries in the figure except from Japan and the U.S.
International patenting
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The trends above indicate that international patenting is of great importance and it has received increasing attention in the research literature. Penrose (1951) is an early overview of the international patent system. Slama (1981) pioneers analyses of international patenting with the use of the traditional gravity model, finding that market size (positively) and distance (negatively) influence bilateral international patent patterns. Evenson (1984) discusses trends in international patenting, showing there are comparative advantage patterns in innovation similar to the patterns observed in countries' production. Thus, industrial knowledge production is concentrated in countries according to their comparative advantages and international patenting reflects international trade patterns. Harhoff et al. (2009) use a gravity model framework to evaluate patent policies and to explore determinants of international patenting. We use a similar approach, albeit with a microeconomic structure, to investigate patent holders' decisions to patent internationally. Chan (2010) uses a limited dataset on nine agricultural biotechnology firms to analyze the probability of international patent applications in seven countries. Chan's results indicate that invention quality plays an important role in firms' decision to patent abroad in addition to business climate and patent enforcement across countries. Eaton and Kortum (1996 ) and McCalman (2005 use international patenting and international copyrights to make inferences about international technology diffusion (McCalman for the case of Hollywood movies). Eaton and Kortum (1996) hypothesize that technology diffusion contributes to economic growth and that international patenting indicates such diffusion. They model and estimate a general equilibrium growth model for many countries, based on innovation and diffusion. Eaton and Kortum (1999) From another perspective, international patenting has been used as an indicator of the value of the patented invention. Putnam (1996) and Lanjouw, Pakes and Putnam (1996) are pioneering contributions. Several studies have found that the size of the patent family is positively related to patent or firm value (Schmoch et al. 1988; Lanjouw and Schankerman 2001; Harhoff, Scherer and Vopel 2002) . Only those inventions with sufficiently high value will be patented abroad, given the high costs in many countries to file and renew the patents. Lanjouw and Schankerman (2004) construct an index of patent quality based on multiple indicators of which the size of the patent family is one.
Below we analyze international patenting as a function of other patent quality indicators. 6 Our hypothesis is that inventions with high values tend to be patented more often internationally than inventions with low values. We therefore relate international patenting to indicators of patent quality. We rely on two main indicators. These are patent renewal data and patent citations data. Patent renewal data has been used extensively as an indicator of the private value of patent protection. In most countries patents have to be renewed periodically, and a renewal fee has to be paid, in order to keep the patent in force. If the value of patent protection deteriorates and when patent renewal fees increase over time, more valuable patents are renewed for longer periods than less valuable patents. Pakes and Schankerman (1984) , Schankerman and Pakes (1986) , Pakes (1986) , Pakes and Simpson (1989) and Schankerman (1998) are main contributions in this research tradition. They all estimate patent value distributions on the basis of this hypothesis. We use a simple patent renewal indicator as a value indicator for patents and relate it to international patenting.
Also citations to previous patents in patent documents are used as indicator of the quality of the patented invention. Backward citations (i.e. cited patents in patent documents) have been used to track the knowledge base for the patented invention.
Forward citations are therefore used as indicator for whether the patented invention has opened windows of opportunities in subsequent research. Important contributions in this research tradition are collected in Jaffe and Trajtenberg (2002) . A main conclusion is that forward citations signal higher private value of patents. This is also the conclusion in Hall et al. (2005) who find that patent citations are positively correlated with firms' market values. Harhoff et al. (1999) find similar evidence based on a survey about the value of a sample of patents. 7 Serrano (2010) find evidence that frequently cited patents are more likely to be traded commercially (and renewed).
We also use a dichotomous indicator for whether the patented invention has been commercialized. This reflects a potential direct quality indicator of the patent since it has proved worth market launch. 8 The growing literature on patent value indicators has been surveyed by van Zeebroeck (2011) and van Zeebroeck and van Pottelsberghe (2011).
Database and descriptive statistics
We use a detailed data set on patents granted to small firms (less than 1000 employees) The questionnaire asked the inventors about the type of work place where the invention was created, if-when-and-how the invention had been commercialized, the profitability of the commercialization and miscellaneous information about characteristics of the inventors. The data set was later complemented with data on patent renewal, patent equivalents, forward citations and filing routes from the Espacenet (2010) website.
Thus, the database includes information on several patent value indicators. 11 Only 30 equivalents were filed directly at the national patent offices in the EPO area without filing an EPO-patent first. The EPO-patents in our database are filed most frequently in Germany, Great Britain and France -the large EPO countries.
Thus, patent equivalents are not distributed randomly across the countries. 12 Van
Zeebroeck and van Pottelsberghe (2011) have shown that there is a strong positive correlation between market size and the probability that an EPO-patent will be validated in a country. The skewed country distribution of patents above indicates that country characteristics are important for international patenting.
Turning to the filing routes, only eight out of 867 patents were first filed abroad -all of these in the U.S. No patent was first filed with EPO or WIPO and thereafter in Sweden.
This pattern contrasts markedly to the filing routes of Swedish multinationals. The explanation may be polygenetic, ranging from the fact that the owners in our database are individuals and small firms to the fact that the data cover patent filings in the 1990s
when it was still common to first file the patent in the home country. However, it is noteworthy that PCT-applications are very frequent in the database. 269 out of 334 patents (80 percent) with foreign equivalents used PCT-applications. PCT-applications are even more dominant for EPO-patents (194 out of 217, or 89 percent) and for US patents (188 out of 224 patents, or 84 percent). Table 2 shows partial relationships between the number of patent equivalents and firm sizes, patent renewal, forward citations and the commercialization decision. Firms have considerably more patent equivalents than individual inventors. For example, 57 percent of the medium sized firms had at least one equivalent, compared to 28 percent of the individual inventors. The differences in patent equivalents across firm groups are significant, using a chi-square test. However, there is no uniform relationship between firm size and equivalents. Micro companies have as many equivalents as small firms. Note: ***, ** and * indicate significance at the 1%-, 5%-and 10%-level, respectively.
In line with the literature cited above, we expect that valuable inventions will be more frequently patented abroad than less valuable ones, since patenting is costly. Therefore, we expect international patenting to correlate with variables such as patent renewal, forward citations and commercialization, all of which are related to the private or social value of patents (see section 2).
As discussed in section 2, the literature on patent renewal hypothesizes that renewal signals commercial value of a patent.. 13 Patents which had equivalents were considerably more likely to still be renewed in 2004 (alive) than those without: 51 percent of the patents that were still valid in 2004 had equivalents, but only 23 percent of the expired patents.
The positive relationship is even stronger between patent equivalents and forward citations. Patents with citations had on average 4.0 equivalents, compared to 0.64 for patents without citations. 73 percent of the cited patents had equivalents, compared to only 12 percent for the non-cited. Forward citations are used as a measure on the social value of patents. One explanation for this is that patents that are cited by subsequent patents may be considered to be basic inventions which are useful for subsequent development of new knowledge. However, there may also be other reasons why this correlation is so high. Citations are most often added by independent patent examiners in the patent offices. When a Swedish patent has equivalents abroad it may be much more visible for patent examiners. This will increase the probability that the patent is cited, even if the citations do not signal higher values for the cited patent.
Finally, commercialized patents have more frequent patent equivalents than noncommercialized ones. The commercialization decision should reflect a higher private value. 48 percent of the commercialized patents have equivalents, compared to 23 percent of the non-commercialized ones. The chi-square tests categorically reject independence between commercialization and equivalents.
A model set-up for international patenting
We use a simple model of international patenting, where the decision to patent in a foreign country depends on country characteristics and the quality of the patented innovation. Our model is a simplified and modified version of Eaton and Kortum (1996) . Their model is a fully fledged international general equilibrium growth model in which international patenting plays an important role. In Eaton and Kortum's model, R&D improves on the quality of input factors used in production processes domestically and in other countries. The degree to which an invention is used in other countries' production processes depends on the probabilistic size of each invention. If the invention is used in a country's production process, the owner of the invention sells the technology monopolistically to the producer in that country. The owner of the invention faces a risk of imitation, which depends on whether or not the invention is patented. Eaton and Kortum (1996) develop the steady state growth paths in the model. This steady state is characterized by similar growth rates in all countries, but lower productivity in countries with low investments in R&D and little use of other countries'
technologies. The incentives to do R&D and patent internationally depend on market size, protection of IPRs and a set of other parameters.
Given the scope of this paper, our set-up is less ambitious and meant to provide a rough microeconomic theory basis for our empirical specification of international patenting.
Our available data are micro data that allows us to focus on and formulate patent owners' choice about where to patent.
The model is a quality ladder model of innovation à la Grossman and Helpman (1991a) .
Output in each country is produced with the help of intermediates, according to a constant returns to scale Cobb-Douglas production function: The size or quality of the invention, q, is random so that the patenting decision is heterogeneous. Inventions that are large will be patented widely; whereas small inventions will only be patented in the home country of the owner.
Intermediates are produced under a simple production technology where one hour work is needed to produce one unit. The final good is a numeraire, so given a wage level, w, 14 A patent reduces the probability that the invention will be imitated in any period during the lifetime of the patent, from k to zero. For simplicity we assume that patents last forever, 15 and we also assume that if a patent is imitated, the profits for the inventor are reduced to zero. The discounted values of an unpatented and patented invention of quality q in country j are therefore: Above, r denotes the discount rate and g the growth rate in the economy. The value of patenting is the difference V(q) j patent -V(q) j nopatent . The inventor will seek patent protection if this difference exceeds the cost of patenting in country j, C j . Therefore the equality
determines the threshold quality level q* such that innovations of higher quality are patented and those with lower qualities are not. Therefore the threshold value q j * for a patent to be patented in country j is given in equation 8. The derivation of it is presented in Appendix C.
It is evident from equation 8 that the threshold value q j depends on patent costs, market size, interest rate, the growth rate and the risk of being imitated without patenting. The higher the threshold value the lower is the probability that an invention is patented in the particular market.
Let the size of an invention depend on a vector of patent specific characteristics, λ i , and the realization of a random variable Q drawn from a probability distribution, so that P(Q<q) = F(q). 16 We formulate the size of an invention i as the product of realizations of Q and patent specific characteristics captured by the vector λ i with coefficient vector β, q ij = qλ i β. For patenting to occur it must be that, q ij >0, which imposes parameter restrictions for the vector λ i β. The threshold realization of Q for a patent i to be patented in country j is:
The following results are easily derived: The first of these results means that the impact of patent characteristics on the threshold realization of Q for patenting is the negative of the parameter β (to be estimated). Thus patent characteristics that increase the value of a patent lower the threshold value realization of Q for patenting. Patent characteristics that reduce patent value increase the threshold. Accordingly, the higher the quality of the patent, the higher is the probability that the invention is patented in any country. The second results imply that the higher the patenting costs, the higher the threshold value for the quality of an invention to be patented. Therefore, the higher the patenting costs in a country, the lower the probability that an invention will be patented in that country. The third result means that the larger the GDP of a country the lower the threshold value for the quality of an invention to be patented. Therefore, the probability that an invention will be patented will be increasing with the market size of a given country. The fourth and fifth results are similar for growth in total GDP and risk of imitation in the absence of patenting.
Generally, the quality of patented inventions has unknown distributions. The exact functional form of the probability to patent is therefore not known. We approximate the binary choice (to patent or not) as:
Above, PQ ij denotes whether a patent of quality q is patented in country j or not. The probability that the owner of a patent i seeks protection in a country j can be written as:
In equation 11, T denotes a vector of characteristics of the country in which patent protection is applied for, while λ denotes the vector of characteristics of the patented invention.
Econometric method and explanatory variables
Database
Our empirical strategy is to estimate variants of the above model. We use the patent dataset described in section 3. The uniqueness of our dataset is that it includes several individual patent value indicators, host country variables as well as patent-country variables corresponding to the explanatory factors in the theoretical model. This makes the dataset appropriate to estimate the implied relationships and test the hypotheses of the theoretical model. In our dataset, we have information on whether a patent has been granted in any of 35 countries (see Appendix A, Table A1 ). On the basis of this information, we create an expanded dataset consisting of 867*34 = 29,478 observations. 17 The unit of observation in this dataset is therefore the existence of a patent equivalent for patent i in country j.
Methodology
The dependent binary variable is whether the owner has patent protection for patent i in country j. International patent protection comes in addition to domestic (Swedish) patent protection, since the data base is constructed on the basis of the 1998 cohort of granted Swedish patents. Accordingly, we will use a model with a binary dependent variable to estimate how various explanatory variables are related to the patent protection in individual countries. The choice is the probit model.
Our dataset is two dimensional, along the patent dimension (i.e. different patents are protected in a given country) and the country dimension (one patent can be protected in different countries). The dataset therefore has panel data characteristics, although not in the standard cross observation over time dimensions. We therefore rely on a random effects probit model as our main empirical model, since a fixed effects model faces the incidental parameter problem, see e.g. Heckman (1981) . In our set-up, the unobserved heterogeneity is on the patent-country level. This is formulated by assuming that the error term consists of two elements, e ij = ε i +u ij , where ε i captures elements that are country invariant and patent specific. The remaining noise is captured by u ij .
Variables derived from the model
For the host country, GDP (in 1995) reflects market size and GROWTH captures GDP growth (in the period from 1990 to 2000). 18 The expected influence on the probability for a patent equivalent is positive and follows directly from our theoretical model (Y and g). GDP and GROWTH are collected from the World Development Indicators (World Bank 2011).
We have some proxies linked to the risk of imitation (k) in the model. All of these have an expected positive effect on patent equivalents:
• RDGDP. R&D as percent of GDP in the host country should reflect an increased probability of being imitated (from World Development Indicators).
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• GDPCAP. GDP per capita (in 1995) may reflect the technological level of the host country and a higher probability of being imitated (from World Development Indicators).
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• NRCA. We constructed a normalized version of the well-known revealed technological advantage (NRCA), which varies between −1 and 1 for each country for each patent class. NRCA is therefore expected to indicate potential competition and imitation of the patent in question. NRCA is patent (class) and country specific. We gathered the data from the NBER patent data base (Hall, Jaffe and Trajtenberg 2002; NBER 2006) . The formula is given in Appendix D.
In line with the theory, we include total patent costs in the host country, COST.
However, there is no patent cost index for all countries, inasmuch as the costs of patenting depend on several components, e.g. the filing costs. Very often (official) translation of the patent documents is required. If so, this adds a new cost component.
Patentees are known to routinely use patent agencies for handling national patent offices which adds costs that can vary. Furthermore, annual renewal costs are added if the patent is granted. In most countries such renewal costs are low but increase as the patent matures. In Europe, patent protection can be applied in many countries via EPO. If so, the patent still needs to be validated and subsequently renewed in each of member countries individually. But patents in Europe can also be obtained through patent applications to each of the individual countries directly. We have chosen to use the patent costs from the survey by Helfgott (1993) , even though Helfgott's cost data unfortunately covers only 20 of our 34 countries (see Table A1 ). 21 We report separate estimation results when COST is included.
Patent institutions vary in quality. Some countries provide strong IPRs while others are slack. We use the index described in Ginarte and Park (1997) and updated in Park (2008) . This index is an average of indicators for patent coverage, membership in international treaties, duration of protection, enforcement mechanisms and restrictions.
The database consists of observations for several years. We include countries' score in 1995 (PARK95). The index is designed to measure the strength of patent protection, not the (social) quality of patent systems. 22 We also include a dummy variable for EPOmembership.
Patent value indicators
The patent value indicators are taken from the database. The expected positive relationship to equivalents was discussed in section 3. Higher private value implies a higher probability of patenting the invention in any market.
• ALIVE is a dummy variable for whether the Swedish patent was still valid in
2004.
• COM is a dummy variable for whether the invention was commercialized.
• CIT measures the number of forward citations per five-year period. Since citation practices differ across IPC-classes, CIT is weighted by the number of citations per IPC-class.
Hall, Jaffe and Trajtenberg (2002) We have reasons to believe that our data is characterized by endogeneity problems. If a patent proves valuable, it will probably have both a higher probability of commercialization, be renewed for longer periods, receive more forward citations and have a higher probability of being granted patent equivalents (see e.g. Svensson 2012) .
It is extremely difficult to tell in which direction causality runs between our right-hand value indicators and patent equivalents. Therefore, we include the patent value indicators successively in separate estimations and interpret the results with caution.
Other variables
Due to credit constraints, larger firms should have a higher propensity to apply for patent equivalents (see Table 2 ). Firm sizes are included in the estimations as dummy variables: MED, SMALL and MICRO. The reference group is inventors with no employees.
Distance between Sweden and the host country, DIST, should be included for two reasons. First, trade is known to depend negatively on distance. Therefore the value of patenting will be lower in distant countries (fewer goods are exported there). But it may also be the case that distance indicates higher (non-formal) costs of patenting in the country. The inventor may have to travel there. Also languages and cultures may well be more different and strange across long distances.
EXPSH is measured as Sweden's export share with the country in question. 23 We expect a high Swedish export share to identify an important market for Swedish producers, and thus higher propensities to patent in these countries.
Since patenting is known to vary much between industries and technology classes (Levin et al. 1987) , we use additive dummies for 30 different industry classes designated by Breschi, Lissoni and Malerba (2004) . These are based on the IPC technology class system. A patent may belong to several different IPC-classes. However, it is not possible to determine the main IPC-class, since the classes are listed in alphabetic order for each patent in Espacenet (2010) . Therefore, a patent in our database may belong to as many as four different industry classes. Consequently, the 30 industry dummies are not mutually exclusive.
YEAR represents the application year of the Swedish patent. The data at hand is for the cohort of patents granted in 1998. Later application dates therefore indicate a relatively shorter time for consideration at the patent office. One interpretation is that patents under consideration for longer periods are more minor and dubious than patents granted after a short period. If this is the case, patents that were applied for early would have lower private values. Another interpretation is that long consideration reflects the complexity of the invention. 24 All explanatory variables, basic statistics and their expected impact on patent equivalents are described in Appendix A, Table A2 .
Results
Tables 3 through 5 present the empirical results estimated by the random effects probit model. The dependent binary variable is whether the owner has patent protection for patent i in country j. 25 The COST variable is excluded in Tables 3 and 4 due to data constraints, but is included in Table 5 . The first column in Table 3 reports results when only the main country characteristics, NRCA, distance, firm size, YEAR, EPO membership dummy and industry dummies are included. The results lend support to our main hypotheses from the modeling exercise above. GDP, GROWTH, RDGDP, GDPCAP and NRCA all influence patenting abroad, significantly and with the expected signs for the parameters. The results from RDGDP and NRCA indicate that inventors tend to patent more in countries that have technological strengths; generally (RDGDP) or specifically (NRCA) in the relevant technology field. Also, the parameters of the control variables DIST and EPOmemb as well as the firm size dummies are significant, and these have the expected signs. YEAR has a positive and (weakly) significant coefficient.
Columns 2, 3 and 4 successively introduce patent value indicators. COM, ALIVE and CIT are all strongly positively and significantly correlated with the probability of equivalents. These results hold also when they are included together in column 6. In fact, the estimated parameters are not heavily affected by simultaneously including the three variables. We believe that these results reflect higher values of commercialized, renewed and cited patents. In column 5 and 6 we discriminate between citations between IPC-classes and within IPC-classers. The results indicate that within citations have a higher influence on patent equivalents than do citations between IPC-classes.
This may reflect higher imitation risk from citing patents that are technologically close to the cited patent than from technologically distant citing patents. Table 4 includes EXPSH and PARK95 as additional explanatory variables. Even if gravity variables (GDP and DIST) are included in our equations, high trade shares may have additional explanatory power. The estimated results indicate that this is the case.
Sweden's export share to her trading partners has significant positive effects on Swedish patenting in these countries. Note that the parameters of the gravity variables (GDP and DIST) lose size and significance due to inclusion of EXPSH, but they remain highly significant. PARK95 has a positive and highly significant coefficient, indicating that strength of IPRs is important for international patenting. In the context of technology diffusion, this result indicates that improved IPRs facilitate technology diffusion (which may in part or fully compensate for reduced imitation rates). The dependent variable is the existence of patent equivalent of patent i in country j. Std. errors in parentheses. ***, ** and * indicate significance at the 1%-, 5%-and 10%-level, respectively. All estimations include 30 industry dummies (not reported).
In Table 5 , we report similar estimations inclusive of patent costs. These results are for the subsample of 20 countries for which patenting costs are available, and are mainly in line with those presented for the larger samples. The exception is that neither GROWTH nor DIST is significant. Note that patent costs were not available for a series of transition countries with high growth rates. All the other variables enter significantly with the same signs, as reported above. The parameter of COST is negative and significant, indicating that patent policies have real important effects. The dependent variable is the existence of patent equivalent of patent i in country j. Std. errors in parentheses. ***, ** and * indicate significance at the 1%-, 5%-and 10%-level, respectively. All estimations include 30 industry dummies (not reported). Cost coefficient and its standard deviation is multiplied with 1000.
Summary and concluding remarks
We modeled international patenting as the outcome of a strategy where gains and costs were traded off against one another. The model predicts that the number of patent equivalents depends on market size, growth, patent costs and patent specific variables.
Our main contribution is that we have tested the model of international patenting using detailed patent level data with several patent value indicators. 
Inclusion of EPO-patents in the analysis
In the text we excluded EPO-patents since these were counted as patents in each individual country. Inclusion of EPO as an additional entity (in addition to each member country) therefore constitutes double counting of these patents. A dummy variable for whether countries are members of EPO was included, however. Nevertheless, patenting via EPO represents a patent protection decision, giving potential for IPRs in the wider EPO area of jurisdiction. Therefore, protection through EPO is a decision that is different from granted patents in each individual country. The dependent variable is the existence of patent equivalent of patent i in country j. Std. errors in parentheses. ***, ** and * indicate significance at the 1%-, 5%-and 10%-level, respectively. All estimations include 30 industry dummies (unreported). Table B1 reports regression results from regressions where EPO patents are included as an observation for each patent (in addition to all the other included observations). A dummy variable for the 867 EPO observations is included in addition to the other variables, but the dummy variable for membership in EPO for individual countries is excluded. Thus, Table B1 resembles Table 4 in all respects except that there are 867 extra observations (with a separate dummy for these), and with no dummy for EPO members. Table B1 does not include the patent quality variable PARK95 since this is not calculated for EPO. The results are mainly in line with those in the main text. The dummy for EPO is negative and significant. This is consistent with expectations, since granted patents in each individual member country are also included. We also estimated the same models with inclusion of the patent costs variable, and the results are mainly in line with the other variables. They are available upon request. Now let λ i denote a vector of patent specific characteristics for patent i. These capture the quality indicators described in the text. Write the quality of patent i as q i = qλ i β. That is, the quality of patent i depends on individual specific characteristics, as well as drawing from the random variable Q. For patenting to occur, parameter restrictions are such that q i >0. A patent of quality q i will therefore be patented in country j if q ij exceeds the right hand side of eq. 8. Accordingly, the threshold value for a patent i to be patented in country j equals: We assume that r>g. This implies that patentees' discounting rates from profits in the relevant countries, net of growth rates, are positive. Therefore 0<[1/(r-g)-1/(r+k-g)]<1. Given these assumptions, the derivations reported in Lemma in the main text hold. Given that the last term in the parenthesis is less than one, expressions 8 and 9 give a positive threshold value for the quality of inventions for which only higher valued inventions are patented. We also assume that patent costs relative to GDP are smaller than the difference between effective discounting rates, with and without patenting, C/Y< [1/(r-g)-1/(r+k-g)] . If this is not fulfilled, no inventions will be patented.
